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Introduction
   Measures against global warming have become 
an important issue for the world. The use of fossil 
fuels like oil has raised concerns about carbon 
dioxide emissions, which cause global warming, 
and the future depletion of energy sources. Against 
this background, hydropower generation is drawing 
renewed attention, with renewable energy sources 
such as solar power and windpower being actively 
introduced as alternative energy sources.
   Japan lies in the Asia monsoon region and has ample 
precipitation. In addition, approximately 70% of its 
land is mountainous, and dividing mountain ranges 
cut across the land like a backbone. This produces 
steep-gradient rivers with plentiful flow volumes 
that stream from the mountains into the sea through 
alluvial fans and alluvial plains, providing Japan 
with the weather and terrain conditions suitable for 
hydropower generation, which relies on flow volume 
and head. Alexander Graham Bell, who visited Japan 
in 1898, predicted the future of this country, which 
possesses favorable weather and terrain conditions 
as follows: “Japan has many rivers and ample water 
resources. By utilizing these rich water resources, it is 
possible for Japan to achieve economic development 
that uses electricity as an energy source. It may 
become possible to move automobiles with electricity, 
replace steam engines with electric engines, and 
use electricity in production activities. By taking 
advantage of its favorable environment, Japan has 
the potential to attain even greater growth in the 
future.”[1] Running water exists all around us, and in 
the past, numerous water mills were used in villages 
as sources of power. In around 1920, a blacksmith 
in Toyama Prefecture developed an inexpensive and 
6
1
Hydropower as a Renewable 
Energy Source in a New Era
Motoyuki INOUE
Affiliated Fellow
Eiichi SHIRAISHI
Monodzukuri Technology,Infrastructure and Frontier Research Unit
portable helical water mill that generated around 0.5 
kW of power by utilizing a head of approximately 0.5 
m to 1 m in an unlined irrigation channel, and this 
became widely used by farmers across the country 
as a source of power for threshing and rice hulling. 
It disappeared after World War II with the spread of 
motors and irrigation channel improvements, but we 
can see in this episode the origins of utilizing water 
energy around us by exercising ingenuity. Thus, Japan 
possesses potentially rich water energy resources; 
however, the amount used for hydropower generation 
is limited to just over 10%.
   Hydropower generation accounts for just under 
10% of the total electric power generation in Japan. 
However, because it does not emit CO2 during the 
process of generating electricity, it reduces CO2 
emissions by approximately 70 million tons per 
annum compared with oil-fired thermal power, etc. 
This figure is equivalent to approximately 6% of 
Japan’s total CO2 emissions. In addition, hydropower 
generation has the advantages of being able to generate 
electricity in a stable manner, as it is less affected by 
changes in weather conditions than solar power and 
windpower, and its superior load-following capability 
allows it to contribute to power system stability. 
Furthermore, while Japan’s energy self-sufficiency 
ratio is merely 4%, hydropower generation is a 
valuable, purely domestic form of energy, accounting 
for 35% of Japan’s domestically produced energy. 
   In April 2003, the Act on Special Measures 
Concerning New Energy Use by operators of 
electric utilities (RPS Act) came into force, covering 
hydropower plant with power outputs of 1,000kW or 
less. In addition to the Ministry of Economy, Trade 
and Industry, which is traditionally the governing 
agency for power generation businesses, various 
government agencies such as the Ministry of the 
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Figure 1 : Water Energy Cycle
Source: Reference[2]
Environment, the Ministry of Land, Infrastructure, 
Transport and Tourism, the Ministry of Agriculture, 
Forestry and Fisheries, the Ministry of Health, Labour 
and Welfare, and the Ministry of Internal Affairs 
and Communications, are beginning to make a move 
toward utilizing energy produced by small –scale 
hydropower generation. These developments have 
led to a gradual beginning of hydropower-generation 
efforts that make use of various untapped water heads, 
with diverse local concerned parties serving as the 
operating body.
   Meanwhile, numerous aged hydropower facilities 
need to be modernized and, depending on the 
conditions of the facility, improvements may be 
required from environmental and safety standpoints, 
in addition to the maintenance and improvement of 
power generation functions.
   Furthermore, efforts for the effective use of 
hydropower as a renewable energy source are also 
being made overseas, and hydropower development 
that can exist in harmony with the local community 
and the natural environment is called for in Asian 
countries.
   This article reviews the situation surrounding 
hydropower generation as a renewable energy source in 
Japan and abroad, as well as the trends in hydropower-
generation technology that make use of various 
untapped heads, and discusses what is necessary 
for further effective utilization of environmentally 
friendly hydropower. 
Current Situation of Hydropower 
Generation
2-1 Mechanism and Types of Hydropower 
Generation
2-1-1 Utilization of an Infinite Hydrological Cycle
   Hydropower generates electrical energy from the 
energy of the water flowing as a result of rain and 
snow falling on the earth’s surface and gathered due 
to the natural terrain effect or in the process of various 
water use activities. Therefore, instead of consuming 
the resource itself, hydropower generation utilizes a 
perpetual hydrological cycle (Figure 1) brought about 
by nature.
   The power output and electricity production of 
hydropower generation are expressed by the following 
formulae:
Power output (kW) = Generating efficiency of 
equipment, etc. × Gravitational acceleration × Head 
(m) × Flow (m3/s)
Electricity production (kWh) = Power output (kW) × 
Annual operation time (24h × 365 days) × Capacity 
factor[NOTE]  
2-1-2 Types of Hydropower Generation
   Hydropower generation is classified as in Table 1 
through Table 3, in accordance with the power output, 
the means to secure the head, and the water storage. 
2
Rain
Power station
Electricity
Evaporation
[NOTE ] 
Capacity factor (%) = Annual Electricity production (kWh) / [Rated power output (kW) × Annual 
operation time]
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Source : Reference[3]
Table 1 : Example of Classification by Power Output
2-2 Evolution of Hydropower Generation in Japan
   The history of Japan’s hydropower generation dates 
back to the Meiji era. From 1890s to around 1955, 
hydropower generation centered on the run-of-river 
type, which supplies base-load electricity, and on 
small regulating pond type, which supplies peak-load 
electricity, with small-scale thermal power generation 
complementing seasonal fluctuations in hydropower 
generation. In the 1940s, agricultural cooperatives 
took the initiative to actively promote small-scale 
hydropower development in small-scale rivers in order 
to facilitate the electrification in rural area, but such 
efforts gradually disappeared with the installation of 
power distribution networks by the general electricity 
utilities.[4]
   After World War II, large-scale hydropower 
development projects with large-scale dams and 
reservoirs were executed, but as electricity demand 
Classification Power Output
Large hydropower 100 MW or more
Medium hydropower 10 – 100 MW
Small hydropower 1 – 10 MW
Mini hydropower 0.1 – 1 MW
Micro hydropower 0.1 MW or less
(There is no official definition for small hydro in Japan)
Classification Means to secure a Head
Conduit
This method generates electricity by means of 
a headrace that draws water from a weir in the 
upper reach of a river to a point where a head 
can be obtained.
Dam
This method generates electricity immediately 
down stream of a dam, using the height of the 
dam to obtain a head. 
Dam and Conduit This method combines the dam type and the waterway type. 
Other (Method of utilizing untapped water 
heads of existing facilities)
In recent years, at tempts have begun to 
generate electricity by utilizing untapped heads 
and flowing water of irrigation channels, check 
dams, infrastructure facilities such as water-
supply and sewerage systems, etc.
Table 2 : Classification by the means to secure a head
Prepared by the STFC
Classification Water storage
Run-of-river River water is used without being stored.
Regulating pond
River water is stored in a reservoir with a 
regulation capacity of around one day to one 
week, and electricity is generated by regulating 
the flow volume in accordance with electricity 
demand. 
Reservoir
River water is stored in a large-capacity 
reservoir capable of adjustments for annual 
fluctuations, and electricity is generated by 
regulating the flow volume in accordance with 
electricity demand. 
Pumped storage
Electricity is generated during daytime, the 
peak electr icity demand period, by using 
surplus nighttime electricity to pump water to 
an upper reservoir.
Table 3 : Classification by Water Storage
Prepared by the STFC
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Table 4 : Reasons for the Decline in Hydropower Development in Japan
grew rapidly each year since the period of high 
economic growth around the 1960s, the main players 
of electric power development shifted to the following: 
coal- and oil-fired thermal power, which allows large 
power plants to be constructed economically and 
in a short period of time; liquefied natural gas-fired 
thermal power as a measure to control emissions of 
nitrogen oxides and other gases; and nuclear power 
generation from the standpoints of improving energy 
security and controlling CO2 emissions. Hydropower 
development, which needs a longer period of time 
and higher cost for construction compared with 
thermal generation, declined rapidly. Later, pumped-
storage power plants (PSPP), which enjoy superior 
immediate responsiveness to rapid load changes, were 
actively constructed in combination with large-scale 
thermal and nuclear power generation to meet peak 
electricity demand, but electricity demand growth 
has since slowed down and new projects have been 
rarely implemented. Today, however, environmentally 
friendly hydropower generation is drawing renewed 
attention from the standpoints of tackling global 
warming issues, diversifying energy sources, and 
revitalizing local communities.
   Table 4 summarizes the reasons for the decline in 
hydropower development.
2-3  Hydropower Capability
2-3-1 Gross Theoretical Capability and Technically 
Exploitable Capability 
   Gross theoretical capability refers to the sum of 
the potential energy of water (evapo-transpiration 
is ignored), from precipitation falling on the earth’s 
surface, traveling down a river from the mountains, 
to f lowing into the sea. Of the gross theoretical 
capability, the portion with development possibility 
(developed and undeveloped hydropower) based on the 
technology levels at the time of calculation is called 
the “technically exploitable capability” (hereinafter 
called “hydropower capability”). This value changes 
according to factors such as technological progress, 
economic situation and environmental conditions. 
According to the World Energy Council (2007),[5] 
Asia, North America and Latin America have a 
particularly large hydropower capability(Table 5). 
Japan enjoys a large gross theoretical capability as 
it is rich in precipitation and mountainous land. For 
example, Japan’s gross theoretical capability is six 
times that of Germany (120 TWh), which has land 
area similar to that of Japan, and one-third of that of 
Canada (2,216 TWh), which has land area 27 times 
that of Japan. However, since Japan’s proportion of 
technically exploitable capability to gross theoretical 
capability stands at 19%, its developable volume is 
believed to be not very high.
Issue Detail
Capacity for stable supplies
-Compared with thermal power generation, hydropower generation has a higher unit cost of power 
generation and is smaller in scale. 
-The development period is long due to the need to make adjustments with regard to the intricate 
uses of a river’s water resources. During the period of rapid growth in electricity demand, 
hydropower generation failed to become a main option for electric power development aimed at 
securing a stable supply.
Cooperation of the local 
community
-Hydropower development projects are led mainly by electricity companies and prefectural 
governments’ public enterprise bureaus. As there are few advantages of building a power station 
for local communities, it is difficult to obtain their cooperation in development projects.
Environmental impact
-Depending on the type and size of the facility, as well as watershed conditions, negative 
environmental impacts have emerged, such as sedimentation and water quality problems caused 
by large-scale dams, and deterioration in the river environment in the reduced-flow section of 
the river of conduit type power plants. Despite this, technologies and systems that help balance 
environment and hydropower use in response to these problems have not been established in a 
sufficient manner.
Design conditions
In recent years, large river maintenance flow discharge and design flood discharge have been 
required when newly building or upgrading a hydropower plant. The majority of facility renewals are 
kept simple, without changing the flow volume, since increasing power output at the time of facility 
renewal such as replacing the water turbine generator or applying a major upgrade to waterways 
cannot be economically justified.
Shared awareness of the need 
for hydropower development
-While hydropower generation is a clean, purely domestically produced form of energy that does 
not produce CO2 during the operation process, there is a lack of shared awareness that it should 
be promoted by society as a whole. Therefore, even if there is suitable land in the mountains, 
development in areas such as natural parks is difficult. 
Prepared by the STFC
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2-3-2 Japan’s Untapped Hydropower Capability
(1) Results of a Survey of Untapped Hydro-Sites by 
the Agency for Natural Resources and Energy
   According to the results of a survey on the 
hydropower capability[6] (March 2004), there are 
2,717 untapped hydro-sites with total power output 
of approximately 12 GW and annual electricity 
production of approximately 45.8 GWh, accounting 
for roughly a half of the combined values for the 
hydropower plants operating and under construction 
(Figure 7). Of these, approximately 98.6% of untapped 
hydro sites have power outputs of less than 30 MW, 
and average output of around 4.5 MW. Many of them 
in remote areas suffer unfavorable conditions, such as 
their relatively high construction cost.
   Furthermore, Figure 2 shows a sharp drop in the 
number of sites with power output of less than 1 
MW. As the survey extracts feasible sites from each 
watershed and estimates the possible electricity 
production based on preliminary design, the accuracy 
of the extracted sites is high. However, since the 
survey excludes mountain streams and small rivers 
presumed economically inefficient, it is possible that 
many small-scale sites are not covered by the survey.[7] 
There are estimates that approximately 3 GW worth 
of untapped sites of less than 1 MW may exist.[8]
(2) Results of a Survey on Untapped Heads within 
Dams and Conduits
   Table 6 shows the results of a survey by the New 
Energy Foundation (March 2009)[9] on the untapped 
heads arising from utilizing existing structures such 
as dams, conduits, etc, which were not covered in 
the surveys described in the preceding paragraph. 
There are 1,389 untapped sites of power generation 
using untapped heads, with a combined power output 
of approximately 330 MW and annual electricity 
production of approximately 1.7 GWh. Again, it is 
possible that candidate sites have not been sufficiently 
extracted in this survey, as the sites were only selected 
based on interviews with the property owners.
(3) Surveys of Untapped Heads from Other Sources 
(i) Small-scale Hydropower by Utilizing Irrigation 
Channels, etc.
Japan’s agricultural waterways have a total length 
of approximately 400,000 km, and their gross 
theoretical capability is estimated at 5.7 TWh10]. 
While the technically exploitable capability of 
agricultural waterways that takes economic efficiency 
into consideration is shown in Table 6, electricity 
produced from the energy of running water in the 
channels has not been included. It is believed that 
the technically exploitable capability of irrigation 
channels will improve further with the utilization 
of power generation using running water, for which 
development has been under way in recent years.[11]
(ii) Thorough Use of Existing Dams 
   Figure of hydropower capability in Japan does not 
include such potential that utilizes untapped heads at 
the existing dams, such as flood-control, irrigation, 
fresh water supply, etc. Thus, estimations are being 
made on hydropower potential on the assumption that 
existing dams are thoroughly used for hydropower 
by changing the operational procedures, removing 
① Gross theoretical 
capability
② Technically 
exploitable capability ② /①
③ Developed hydropower 
(excluding those under 
construction)
Asia* 16,285 5,526 34% 729
Africa 3,884 1,852 48% 81
North America 6,701 2,733 41% 628
Latin America 8,474 3,315 39% 644
Europe 2,650 1,044 39% 540
Russia 2,295 1,670 73% 165
Middle East 418 168 40% 17
Oceania 495 189 38% 40
Total 41,202 16,497 40% 2,847
Japan 718 139 19% 92
Unit: TWh (=109kWh)
Table 5 : Hydropower Capability of the World
Prepared by the STFC based on Reference[5]
Reference: Annual power consumption World: Approx. 17,600 TWh Japan: Approx. 1,000 TWh,     * Asia includes Japan
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Source: Reference[6]
Figure 2 : The Result of a survey on Hydropower Capabilty in Japan by Power Output 
various economical, environmental and technical 
constraints, and increasing dam height as necessary. 
The findings point to an additional 34 TWh worth of 
new hydropower generation potential.[12] 
2-4 Systems Promoting Small-Scale Hydropower 
2-4-1 Act on the Promotion of New Energy Usage 
   The Act on the Promotion of New Energy Usage 
(commonly known as the New Energy Act) came 
into force in June 1997 with the aim of accelerating 
the promotion of new energy usage. New energy is 
defined as “a promising alternative energy source 
to oil whose penetration has been insufficient due 
to economical constraints, and whose promotion 
is particularly necessary for the introduction of 
alternative energy sources to oil.” Initially, hydropower 
was not included in the new energy, but a Cabinet 
Order revision in April 2008 added to the new energy 
hydropower of 1,000 kW or less that utilizes facilities 
other than those for hydropower (subsidiary power 
generation), such as irrigation, water use, check dams, 
etc.
「自然・生態系にやさしく、地域との調和のとれた開発」をテーマに
親しまれる水力発電所をめざしてまいります。
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水力発電は、 純国産のクリーンエネルギーで、 コ
ストも長期的に安定しているという大きなメリットがあり
ます。
水力発電は、わが国がめざすエネルギーのベストミ
ックスを担う貴重なエネルギーですが、大規模な出
力に適した地点の開発は、ほぼ終了しています。
これからは、中小規模の発電所建設が主体の時代
となりますが、例えば1,000kWの発電所で一般家庭
約300世帯分（一世帯当たり30Aとして）の使用電力
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電との経済性比
較でも遜色のないものです。
水力発電の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するものです。
水力発電所の建設にあたっては、自然エネルギーを
使用する発電として、自然への影響を最小限にする
ための計画が立てられます。
自然の生態系の調査に時間をかけ、例えば回遊性
の魚類が生息する河川では魚道を設けたり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
しています。また、建物の外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
水力発電所が誕生しています。
これからは中小水力の開発が主体 自然エネルギーだから自然と共生
“白亜の滝”と呼ばれる滝の上発電所（北海水力発電）。渓谷美にマッチした外観に改装・ライトアップされ、滝上町の観光名所として親しまれています
水力エネルギーの出力別分布（地点数）
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親しまれています
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「自然・生態系にやさしく、地域との調和のとれた開発」をテーマに
親しまれる水力発電所をめざしてまいります。
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水力発電は、 純国産のクリーンエネルギーで、 コ
ストも長期的に安定しているという大きなメリットがあり
ます。
水力発電は、わが国がめざすエネルギーのベストミ
ックスを担う貴重なエネルギーですが、大規模な出
力に適した地点の開発は、ほぼ終了しています。
これからは、中小規模の発電所建設が主体の時代
となりますが、例えば1,000kWの発電所で一般家庭
約300世帯分（一世帯当たり30Aとして） 使用電力
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電との経済性比
較でも遜色のないものです。
水力 の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するものです。
水力発電所の建設にあたっては、自然エネルギーを
使用する発電として、自然への影響を最小限にする
ための計画が立てられます。
自然の生態系の調査に時間をかけ、例えば回遊性
の魚類が生息する河川では魚道を設けたり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
しています。また、建物の外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
水 発電所が誕生しています。
これからは中小水力の開発が主体 自然エネルギーだから自然と共生
“白亜の滝”と呼ばれる滝の上発電所（北海水力発電）。渓谷美にマッチした外観に改装・ライトアップされ、滝上町の観光名所として親しまれています
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水力発電は、 純国産のクリーンエネルギーで、 コ
ストも長期的に安定しているという大きなメリットがあり
ます。
水力発電は、わが国がめざすエネルギーのベストミ
ックスを担う貴重なエネルギーですが、大規模な出
力に適した地点の開発は、ほぼ終了しています。
これからは、中小規模の発電所建設が主体の時代
となりますが、例えば1,000kWの発電所で一般家庭
約300世帯分（一世帯当たり30Aとして）の使用電力
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電との経済性比
較でも遜色のないものです。
水力発電の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するものです。
水力発電所の建設にあたっては、自然エネルギーを
使用する発電として、自然への影響を最小限にする
ための計画が立てられます。
自然の生態系の調査に時間をかけ、例えば回遊性
の魚類が生息する河川では魚道を設けたり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
しています。また、建物の外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
水力発電所が誕生しています。
これからは中小水力の開発が主体 自然エネルギーだから自然と共生
“白亜の滝”と呼ばれる滝の上発電所（北海水力発電）。渓谷美にマッチした外観に改装・ライトアップされ、滝上町の観光名所として親しまれています
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親しまれる水力発電所をめざしてまいります。
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水力発電は、 純国産のクリーンエネルギーで、 コ
ストも長期的に安定しているという大きなメリットがあり
ます。
水力発電は、わが国がめざすエネルギーのベストミ
ックスを担う貴重なエネルギーですが、大規模な出
力に適した地点の開発は、ほぼ終了しています。
これからは、中小規模の発電所建設が主体の時代
となりますが、例えば1,000kWの発電所で一般家庭
約300世帯分（一世帯当たり30Aとして）の使用電
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電と 経済 比
較でも遜色のないものです。
水力発電の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するもので 。
水力発電所の建設にあたっては、自然エネルギーを
使用する発電として、自然への影響を最小限にする
ための計画が立てられます。
自然の生態系 調査に時間をかけ、例えば回遊性
の魚類が生息する河川では魚道を設けたり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
しています。また、建物の外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
力発電所が誕生しています。
これからは中小水力の開発が主体 自然エネルギーだから自然と共生
“白亜の滝”と呼ばれる滝の上発電所（北海水力発電）。渓谷美にマッチした外観に改装・ライトアップされ、滝上町の観光名所として親しまれてい す
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親しまれる水力発電所をめざしてまいります。
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水力発電は、 純国産のクリーンエネルギーで、 コ
ストも長期的に安定しているという きなメリットがあり
ます。
水力発電は、わが国がめざすエネルギーのベストミ
ックスを担う貴重なエネルギーですが、大規模な出
力に適した地点の開発は、ほぼ終了しています。
これからは、中小規模 電所建設が主体の時代
となりますが、例えば1,000kWの発電所で一般家庭
約300世帯分（一世帯当たり30Aとして）の使用電力
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電との経済性比
較でも遜色 ないも です。
水力発電の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するものです。
水力 所の建設にあたっては、自然エネルギーを
使用する として、自然への影響を最小限にする
ための計画が立てられます。
自然の生態系の調査に時間をかけ、例えば回遊性
の魚類が生息する河川では魚道を設 たり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
して ます。また、建物 外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
水力発電所 誕生しています。
これからは中小水力の開発が主体 自然エネルギーだから自然と共生
“白亜の滝”と呼ばれる滝の上発電所（北海水力発電）。渓谷美にマッチした外観に改装・ライトアップされ、滝上町の観光名所として親しまれています
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水力発電は、 純国産のクリーンエネルギーで、 コ
ストも長期的に安定していると う大きなメリットがあり
ます。
水力発電は、わが国がめざすエネルギーのベストミ
ックスを担う貴重なエネルギーですが、大規模な出
力に適した地点の開発は、ほぼ終了しています。
これからは、中小規模の発電所建設が主体の時代
となりますが、例えば1,000kWの発電所で一般家庭
約300世帯分（一世帯当たり30Aとして）の使用電力
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電との経済性比
較でも遜色のないものです。
水力発電の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するものです。
水力発電所の建設にあたっては、自然エネルギーを
使用する発電として、自然への影響を最小限にする
ため 計画が立てられます。
自然の生態系の調査に時間をかけ、例えば回遊性
魚類が生息する河川では魚道を設けたり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
して ます。 た、建物の外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
水力発電所が誕生しています。
これから 中小水力 開発が主体 自然エネルギーだから自然と共生
“白亜の滝”と呼ばれる滝の上発電所（北海水力発電）。渓谷美にマッチした外観に改装・ライトアップされ、滝上町の観光名所として親しまれています
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水力発電は、 純国産のクリーンエネルギーで、 コ
ストも長期的に安定しているという大きなメリットがあり
ます。
水力発電は、わが国 めざすエネルギーのベストミ
ックスを担う貴重なエネルギーですが、大規模な出
力に適した地点の開発は、ほぼ終了しています。
これからは、中小規模の発電所建設が主体の時代
となりますが、例えば1,0 kWの発電所で一般家庭
約30 世帯分（一世帯当たり30Aとして）の使用
に相当します。中小水力は、太陽光、風力、地熱、
バイオマスなどの新エネルギー発電との経済性比
較でも遜色のないものです。
水力発電の仕組みは、川から水を取り入れ、水が高
い所から流れ落ちる力を利用して水車を回し、つなが
る発電機を動かして発電するものです。
水力発電所の建設にあたっては、自然エネルギーを
使用する発電として、自然への影響を最小限にする
ための計画が立てられます。
自然の生態系の調査に時間をかけ、例えば回遊性
の魚類が生息する河川では魚道を設けたり、水鳥
の生息地には人工の浮島を設置するなどの配慮を
しています。また、建物の外観も周辺の景観にふさ
わしいデザインが選ばれ、住民の方々に親しまれる
水力発電所が誕生しています。
“白亜の滝”と呼ばれる滝の上発電所（北海水力発電）。渓谷美にマッチした外観に改装・ライトアップされ、滝上町の観光名所として親しまれてい す
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Distribution of Hydroelectric Energy by Power Output (No. of Sites)
Source: Agency for Natural Resources and Energy (As of March 2004)
Less than 1,000(kW)
100, 0  or more
Developed
Under construction
Undeveloped
* Purely pumped-storage power 
stations are excluded.
Item
Developed Under construction Undeveloped
Sites Power output (kW)
Electricity 
production (MWh) Sites
Power 
output (kW)
Electricity 
production(MWh) Sites
Power 
output (kW)
Electricity 
production(MWh)
Total 1,844 22,005,362 92,140,979 30 223,283 1,039,391 2,717 12,120,290 45,844,566
Table 6 : The Result of a Survey on Untapped Heads within Existing Structures
 (Sourced from a Survey by the New Energy Foundation)
Source: Reference[9]
Usage type No. of sites 
Power 
output 
(kW)
Electricity 
production 
(MWh)
Power 
output 
capacity
No. of 
sites
Power 
output 
(kW)
Electricity 
production 
(MWh)
River maintenance flow 223 27,998 142,231 Less than
100 kW
656 28,431 143,025
Water supply And 
Industrial water supply 227 153,792 741,690 100 ～ 500 232 50,522 248,616
Irrigation water 392 110,765 524,804 500～ 1,000 35 22,535 118,643
Check dams 129 16,828 85,268 1,000 ormore 48 207,855 983,709
Subtotal 971 309,373 1,493,993 Subtotal 971 309,373 1,493,993
Irrigation channel 151 8,257 60,471 Less than
100 kW
303 6,527 50,152
Water supply 178 9,923 77,914 50～ 100 61 4,057 30,109
Industrial water supply 23 1,916 15,062 100～ 1,000 54 11,340 86,793
Sewerage 66 1,828 13,607 1,000 ormore 0 0 0
Subtotal 418 21,924 167,054 Subtotal 418 21,294 167,054
Total 1,389 331,297 1,661,047 Total 1,389 331,297 1,661,047
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2-4-2 Act on Special Measures Concerning New 
Energy Use by operators of electric utilities
   The Act on Special Measures Concerning New 
Energy Use by operators of electric utilities (commonly 
known as the RPS Act) came into force in April 2003 
in order to promote the spread of new energy. The Act 
stipulates that electricity companies’ use of electricity 
produced from new energy sources should reach a 
certain minimum percentage. Initially, hydropower 
was limited to conduit type of 1,000 kW or less, but 
this was amended to “hydropower plants with power 
output of 1,000 kW or less” when the Order for 
Enforcement of said Act was revised in April 2007 due 
to the low environmental impact during construction 
and growing interest from local governments and 
citizens as a way of effectively utilizing untapped 
energy. As a result, hydropower plants with dam or 
dam-and-conduit (subsidiary power generation) using 
city water, industrial water, agricultural water and 
released river maintenance flow discharge were added 
(Table 7).
2-4-3 Efforts by Government Ministries and 
Agencies
   Government ministries and agencies are promoting 
small-scale hydropower as a form of renewable 
energy from such standpoints as CO2 reduction, 
diversification of energy sources, reduction of 
maintenance costs of facilities and revitalization 
of local communities; and they have begun efforts 
toward hydropower generation, such as institutional 
reforms, consideration of a relaxation of regulations, 
and subsidies on survey, design and construction 
expenses.
   The Agency for Natural Resources and Energy, 
Ministry of Economy, Trade and Industry has 
provided subsidy as from FY2002 for all cost of 
investigation, basic design and business planning 
of new hydropower, which shall be implemented 
by municipalities and electricity produced shall be 
consumed by themselves.[14] In addition, it subsidizes 
the introduction of hydropower generation facilities of 
1,000 kW or less as part of the Project to Promote the 
Regional Introduction of New Energy, etc., as well as 
subsidizing 10–20% of construction costs, depending 
on the power output capacity, for small and medium-
sized hydroelectric development of more than 1,000 
kW but not exceeding 30,000 kW. In particular, it 
provides subsidies of 50% for the adoption of new 
technologies. The agency has established the Study 
Group on Hydropower Generation, which compiled 
an interim report in June 2009, listing issues to tackle 
in the future such as cost-reducing technologies, 
procedures for water right authorization and river 
maintenance flow discharge, coexistence with the 
local community and subsidy systems. Furthermore, 
the Project Team on the Full Purchase of Renewable 
Energy is considering addressing purchase programs 
by around March 2010 and is discussing issues 
concerning hydropower generation such as the 
applicable capacity and the treatment of upgrading 
power output at large-scale hydropower plants. The 
Nuclear Safety and Security Committee Working 
Group for Studying Regulations on Small-Scale 
Hydropower Plant is considering easing regulations 
for full-time chief engineers of small-scale power-
generation facilities.
   The Ministry of Land, Infrastructure, Transport and 
Tourism has encouraged mayors to install hydropower 
facilities in check dams, and began their own research 
program in FY2009 toward introducing hydropower 
facilities in the check dams.[15] In the sewerage field, it 
is promoting to introduce small-scale hydropower that 
utilizes untapped heads of discharged treated water.[16] 
In addition, the Ministry is advancing simplification of 
application documents for the permission to use river 
water in order to promote the  small-scale hydropower, 
and is preparing guidebooks, etc.
Table 7 :New Energy, etc. Covered by the RPS Act
Prepared by the STFC based on Reference[13]
Energy source Limit for Eligibility
Windpower None
Solar power None
Geothermal It does not significantly reduce hot water
Small-scale hydropower Conduit type or subsidiary generation from dam or dam with conduit, with output of 1 MW or less
Biomass Includes biomass elements in waste power generation and fuel cell power generation 
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   The Ministry of Agriculture, Forestry and Fisheries 
supports introduction of small-scale hydropower with 
output ranging from hundreds to thousands kW  that 
uses irrigation dams and channels, by implementing 
subsidy programs for the project on improving local 
water environment, project on improving land with 
irrigation and drainage, and project on integrated rural 
development.
   The Ministry of Health, Labour and Welfare is 
actively promoting small-scale hydropower that 
utilizes the potential energy of water in the water-
supply facilities.[17]
   The Ministry of Internal Affairs and Communications 
has begun to support a survey of the potential capacity 
of clean energy resources in regions, including small-
scale hydropower, and a feasibility study on energy 
utilization of those resources, etc., as a part of 
promotion program on “Decentralization”. [18]
   The Ministry of the Environment is also promoting 
small-scale hydropower up to 1 MW executed by 
local residents, by means of the commissioning of a 
feasibility study.
2-5 Environmental Characteristics and Cost of 
Hydropower 
2-5-1 Environmental Characteristics of Hydropower 
   Compared with other forms of natural energy, 
hydropower features high energy conversion 
efficiency and high energy density. Unlike solar power 
and windpower, hydropower can generate stable 
electricity as it is little affected by weather changes 
in hours; therefore, it does not exert negative impact 
on power systems. Furthermore, hydropower with 
regulating ponds or reservoirs has a load following 
capability that automatically regulates excesses or 
shortages of electricity in accordance with changes 
in system frequency, and therefore hydropower can 
contribute the stability of existing power systems.
In addition, as shown in Figure 3, total CO2 emissions 
of hydropower generation throughout its lifecycle, 
from construction to operation to maintenance, 
are extremely low. There are also reports that CO2 
emissions from small-scale hydropower, which 
utilizes existing facilities, are approximately a half 
from a newly constructed hydropower.[19]
   On the other hand, it is also true that Japan is faced 
with difficulties in utilizing water resource with nature 
conservation, as the river flow changes violently and 
rapidly due to rainfall in rainy season and typhoons, 
and floods produce a large amount of sediment and 
driftwood in some regions. Hydropower plants may 
cause environmental impacts changing river flow, 
water quality, physiognomy, etc. depend on the type 
and size of the hydropower plant and watershed 
conditions. It is therefore essential to develop the 
technologies in order to overcome the such impacts.
2-5-2 Cost of Hydropower Generation
   The construction cost for hydropower plant accounts 
for 80% or more of the total capital cost, and this 
is a major reason for its relatively high unit cost of 
power generation at beginning. On the other hand, 
once installed, hydropower plants are able to generate 
electricity perpetually with appropriate maintenance, 
without being influenced by fluctuations in crude 
oil prices, etc. as they do not require fuel. Since 
other variable costs are low, hydropower generation 
turns out to be low cost in the long term. In the past, 
hydropower development was conducted in the case 
where its economic efficiency was compared with 
that of thermal power generation and found to be 
superior. Recently, however, there have been calls for 
evaluations to be made by adding CO2 credit values 
as it does not emit CO2. In addition, since diverse 
entities are taking part in small-scale hydropower 
development, there are opinions that a project should 
be judged as having good business prospects if 
invested capital is recovered within a certain period 
of time and accumulation of funds for reinvestment 
is possible within the service life, as well as views 
that whether a development project is implemented 
should be judged by making comparisons with the 
transaction unit cost based on the RPS Act.
   Table 8 shows comparisons of power generation 
costs for each power source according to model 
estimates, and Table 9 shows the transaction unit 
cost under the RPS Act. At present, the unit cost of 
power generation for hydropower is not high among 
renewable energy sources, but it is more expensive 
than the major power sources of thermal power and 
nuclear power. Furthermore, robust measures have 
been introduced to reduce costs through expanded 
use for other renewable energy sources such as 
solar power generation, including technological 
development by industry, government and academia, 
subsidies from national and local governments, and 
purchase programs for surplus electricity. Similar 
steps should be taken for the hydropower and, in 
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Table 8 : Comparisons of Power Generation Costs by Power Generation Type
Source: Reference[21,22]
Table 9 : Transaction Unit Cost under the RPS Act
Prepared by the STFC based on Reference[23]
particular, technological development and measures 
are needed to further reduce construction costs.
2-6 Hydropower Present Situations in the World 
2-6-1 Hydropower Development in the World
   According to the World Energy Council (2007),[5] 
hydropower generation is currently the largest and 
most easily accessible power source in the renewable 
energy sources due to its high energy density. In 
2005, hydropower generation accounted for 87% of 
the total global electricity production by renewable 
energy sources. During 2005 alone, 18 GW of 
new hydropower generation went into operation. 
Hydropower generation is used in 160 countries, but 
most of the hydropower plants currently in operation 
will need to be modernized by 2030, and the least-
costly option for increasing generation capacity is to 
renew and upgrade the existing plants. Furthermore, 
while there are 45,000 large dams in the world, the 
majority of them do not have hydropower plants, and 
setting up hydropower plants is an option.
   The characteristics of hydropower developments by 
region are described below:[5]
(1) Huge Hydropower Potential in North America
   Canada possesses the huge hydropower capability, 
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Figure 3 : Comparison of Lifecycle CO2 Emissions for 
Each Power Generation Type (LCA)
*  Data for wind power, hydro power and biomass are weighted average unit prices of each electricity company, etc. Data for solar 
power are maximum or minimum price.
Power generation type Unit cost of power 
generation (Yen/kWh)
Capacity usage 
rate (%)
Operation 
duration (years)
Hydro  power (15MW) 8.2～ 13.3 45 40
Oil (400MW) 10.0～ 17.3 30～ 80 40
LNG (1.5GW) 5.8～7.1 60～ 80 40
Coal (900MW) 5.0～ 6.5 70～ 80 40
Nuclear power (1.3GW) 4.8～ 6.2 70～ 85 40
Solar power (Residential use) 46 12 20
Wind power (4.5MW～ 30MW) 10～ 14 20 17
Classification Purchasing entity Form of power generation FY2008
"RPS equivalent + 
electricity"
Operators of electric utilities Wind power 10.4
Power companies Hydro power 8.9
specified electricity utilities Biomass 8
Specified-scale Electricity utilities Solar power
19.6-25.9 (Meter rate lighting)
8.7-14.6 (Power for business use)
 (Unit: Yen/kWh)
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and hydropower generates 60% of its total electricity 
at present. Projects for upgrading existing large 
hydropower plants and new developments are 
currently under way.
   The United States also has huge hydropower 
capability, but hydropower accounts for only 6.7% 
of its total electricity generation.[5] Amid growing 
solar power and windpower generation, the U.S. 
Department of Energy is investing in improving 
existing hydropower plants in order to expand 
hydropower generation having load following 
capability, which can quickly respond to the change of 
power demand.[24]
(2) Efforts to Improve the River Environment and 
Expand Renewable Energies in Europe
   The development of economically feasible hydro-
sites has run its course in the European Union and, 
amid a trend of expanding renewable energies, 
their interest is shifting to small-scale hydropower 
development and future modernization of existing 
hydropower plants. 
   In 2000, the European Parliament and the Council of 
the European Union approved the Water Framework 
Directive that stipulated the conservation of water 
quality within the EU, which required member 
countries to improve and maintain surface water, 
groundwater, coastal seawater, etc. within the EU 
to ecologically and chemically healthy conditions 
by 2015, and announced a policy of strengthening 
efforts in river environment conservation and river 
maintenance flow discharge. In 2001, the Directive 
on Electricity Production from Renewable Energy 
Sources came into force with the aim of increasing 
electricity production from renewable energy sources, 
including hydropower. This directive required 
member countries to raise their electricity production 
from renewable energies to 12% of primary energy 
consumption and to 21% of total electricity production 
by 2010 and, in particular, set national indicative 
targets for 15 EU countries. Under these two 
directives, hydropower sector within the EU is being 
implemented in a way that is accepted by society, 
while giving consideration to river environment 
conservation. As measures to promote electricity 
production from renewable energy sources including 
hydropower, EU countries have adopted (a) a feed-in-
tariff system, (b) a quota obligation system (RPS Act, 
etc.), and (c) tax incentives. In addition, the European 
energy policy proposal (2007) aims to boost electricity 
production from renewable energy sources to 34% of 
total electricity production by 2020.[25]
(3) Hydropower Development in Asia
   In China and India, electricity consumption grew 
by 5.3-fold and 2.7-fold, respectively, in the 17 years 
from 1990 to 2007. However, per-capita electricity 
consumption is a quarter and a sixteenth of that of 
Japan, respectively. In emerging countries like China 
and India, large-scale hydropower development is 
aggressively under way.
   There are many non-electrified areas in Southeast 
Asia, and the common energy policy of the countries 
in the region is to bring the electrification rate to 
100%. However, as central governments do not have 
the necessary funds, they rely on overseas assistance 
for funding for the development of large-scale 
power plants.[26] Since hydropower development by 
independent power producers carries discretionary 
without consideration for integrated river-basin 
development, what is required is proper development 
that gives due consideration to the environmental 
impact on the local community and the ecosystem, 
and the appropriate measures on f lood control, 
irrigation water, etc. in the river system.[25]
2-6-2 Situation of the International Energy Agency 
(IEA), International Conferences on Hydropower 
(1) IEA Implementing Agreement for Hydropower 
Technologies and Programmes
   In 1995, the Implementing Agreement for 
Hydropower Technologies and Programmes was 
launched under the auspices of the International 
Energy Agency (IEA) with the participation of 
nine countries—Canada, Finland, France, Japan, 
Norway, China, Spain, Sweden and Britain. By 
applying accumulated hydropower technology to 
deal with common problems and sharing the research 
outcomes, the members countries has worked together 
to contribute to the development and dissemination 
of hydropower technologies. They have so far 
released “Hydropower and the Environment: Present 
Context and Guidelines for Future Action (2000),” 
“Hydropower Good Practices: Environmental 
Mitigation Measures and Benefits (2005),” etc. 
At present, activities on effective measures to 
facilitate development of small-scale hydropower, 
and the collection and dissemination of innovative 
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technologies on small-scale hydropower, hydropower 
and environment, etc. are taking place.[27] From Japan, 
the New Energy Foundation is participating in these 
activities as the contract party.
(2) International Conferences on Hydropower 
   International conferences on hydropower are held 
actively in Europe and North America.
In North America, HydroVision 2XXX (organized 
by a U.S. publishing company) and Waterpower XX 
(organized by a U.S. publishing company) are held 
every other year. In Europe, Hydro 2XXX (organized 
by a British publishing company) is held in autumn 
every year. In addition, Hydroenergia 2XXX is held 
every other year in an EU member state, jointly hosted 
by the European Small Hydropower Association 
(ESHA) and domestic association of small-scale 
hydropower of the host country. In Southeast Asia, 
ASIA 2XXX (organized by a British publishing 
company) is held every other year.
   At these conferences, presentations are given on 
widespread topics like policies and systems concerning 
hydropower, assessments of electricity production 
cost from hydropower, assessments of environmental 
impacts relating to the hydropower, maintenance of 
hydropower plants, innovative technologies, sediment 
control measures for dams, and fishway; and active 
information exchanges and discussions take place. 
There are many participants, including hydropower-
generation utilities, manufacturers, consultants, 
government officials and ecological and environmental 
researchers, but participants from Japan are very few.
Technology Trends of Hydropower 
3-1 Small-Scale Hydropower Development Utilizing 
Various Untapped Heads
3-1-1 Participation of Diverse Operating Bodies in 
Small-Scale Hydropower Development
   As described earlier, the RPS Act requires electricity 
utilities to utilize electricity produced from renewable 
energy sources including small-scale hydropower of 
1,000 kW or less. There are also government subsidies 
for its introduction. Thus, in recent years, small-scale 
hydropower development have been conducted by 
various operating bodies other than electricity utilities, 
such as municipalities, public corporation for land 
improvement, private enterprises, specified nonprofit 
corporations and individuals.
   For example, Tsuru City in Yamanashi Prefecture 
has installed a flutter wheel with a diameter of 6m 
with a maximum power output of 20 kW, on a small 
creek that flows in front of the city hall (Figure 4).[28] 
As this creek has a lot of leaves litter and suffers 
large fluctuations in flow volume throughout the 
year, hydropower development had been difficult. 
Consequently, the city developed new trash remover 
utilizing movable screen, and employed an adjustable-
speed generator.
   Regarding the project cost, approximately 39% is 
financed by publicly offered small-lot bonds issued 
to citizens, approximately 35% by subsidies from the 
New Energy and Industrial Technology Development 
Organization (NEDO), and approximately 26% by 
the municipal budget. The facility is popular with the 
locals, and has brought about secondary benefits such 
as leading to voluntary creek clean-up activities. The 
electricity produced is used for the city hall to provide 
part of its power consumption. The flutter wheel and 
generator are imported products from Germany with 
excellent performance records. Prior to proceeding of 
the development plan, an on-site pilot study on power 
utilization was conducted by local citizens’ groups, 
industrial high schools, universities, etc.
   Iida City in Nagano Prefecture has also launched 
a small-scale hydropower development project after 
being selected to take part in the Ministry of the 
Environment’s FY2009 program of commissioning 
a feasibility study for collective power generation 
by citizens, using small –scale hydropower. In this 
project, citizens come up with their own ideas, from 
Figure 4 : Small-Scale Hydropower plant in Tsuru City, 
“Genki-kun No.1”
Source : Reference[28]
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planning the power generation facility to studying the 
required river maintenance flow discharge.
   In February 2009 in Tochigi Prefecture, the public 
corporation of land improvement in Nasunogahara 
constructed two hydropower plants utilizing irrigation 
water, with maximum power output of 340 kW and 
170 kW respectively. Together with the existing 
three hydropower plants, their total power output has 
reached 970 kW.
   Marubeni Corp. acquired Mibugawa Electric 
Power Co. in Ina City, Nagano Prefecture, in 2000, 
and constructed a hydropower plant, with maximum 
output of 480 kW in 2009, that utilize discharged 
water from existing hydropower plant. The company 
announced that it will aim to build new hydropower 
plants and/or acquire existing hydropower plants in 
10 locations in Japan within the next four years.[29] 
Kawasaki Plant Systems, Ltd. launched production 
and sales of small-scale hydropower equipment of 
an integrated turbine generator type with output of 
20–500 kW, developed jointly with Kawasaki Heavy 
Industries, Ltd., that can be applied to the hydropower 
utilizing river maintenance flow discharge from dams.[30] 
   Tokyo Electric Power Co. Inc. is implementing its 
own small-scale hydropower development projects, 
and, its group company, the Tokyo Electric Generation 
Co., Inc. engages joint implementation with various 
entities, from the planning to its design, construction, 
operat ion and maintenance of smal l-scale 
hydropower.[31] Furthermore, the Japanese Association 
for Water Energy Recovery, launched in July 2005 as 
a voluntary organization, conducts research studies on 
small-scale hydropower and is engaged in activities to 
support the introduction of small-scale hydropower.
3-1-2 Technology Trends of Small-Scale Hydropower 
(1) Small-Scale Hydropower Technology Cases in 
Japan
   Following the establishment of various programs that 
promote small-scale hydropower, efforts to introduce 
small-scale hydropower that utilizes various untapped 
water heads in existing infrastructure facilities and in 
relatively small-scale rivers are gradually taking place. 
Examples of the technologies are shown below.
(i) Hydropower Utilizing Check Dams
   Attempts of hydropower generation are being made 
utilizing the untapped water head at check dam. Since 
the primary purpose of the dam is to accumulate 
sediments, penetration-type water intake is applied in 
many cases. The Riheijaya hydropower plant  in Kiryu 
City, Gunma Prefecture, has a head of approximately 
70 meters, water volume of 0.046 m³/s and power 
output of 22 kW. Its annual electricity production 
comes to approximately 110 MWh, of which 
approximately 10 MWh is used for self-consumption 
at municipal park facilities, and surplus electricity is 
sold to electricity utilities. Assuming that the annual 
electricity consumption of a standard household is 
4,700 kWh per year,[32] this is equivalent to electricity 
production for approximately 23 households.
(ii) Hydropower Utilizing Heads at Intake Weirs in 
Rivers
   The Kyoto City Scenery Preservation Association 
installed a small-scale hydropower utilizing 2 m 
head at the intake weir crossing the Katsura River, 
immediately upstream of Togetsukyo Bridge at 
Arashiyama, a famous tourist spot in Kyoto (Figure 
6).[33] This was the first case that a small-scale 
hydropower was installed within a first-class river 
area, and its configuration and structure were designed 
so as not to disrupt the river f low performance 
during floods. The generated electricity is used for 
nighttime illumination of Togetsukyo Bridge, and 
surplus electricity is sold to power utility. This project 
was realized with the cooperation of various parties 
involved, including river administrators, public 
corporation of land improvement and power utility.
(iii) Hydropower Utilizing Irrigation Channels
   Figure 7 shows a scene installing a hydropower 
utilizing running water that can be installed 
successively in an irrigation channels. In an 
experiment that used a metal undershot flutter wheel 
with a diameter of 2.25m and a width of 2m in a 
4-meter-wide channel with a flow velocity of 2m, 
power output of approximately 770W per unit was 
possible.[34] The generator costs 600,000 yen or less 
per unit and, assuming a capacity factor of 75%, 
it is calculated to be depreciable in just nine years. 
Although its power output is small, the generator is 
inexpensive and easy to install and, since its structure 
is simple, repair work can be done at a small local iron 
factory.
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Source: Reference[35]
Figure 5 : An Image of Power Generation Utilizing a 
Check Dam
(iv) Hydropower Utilizing Discharge of River 
Maintenance Flow
   As for hydropower plant (conduit type and dam-
conduit type), river maintenance flow shall be released 
in order to improve the flow regime within a reduced 
flow section of the river between the water intake point 
and the discharge point for the hydropower operation. 
Hydropower developments utilizing discharge of 
river maintenance flow are under way in various sites. 
At the Hatanagi-II Dam of Chubu Electric Power 
Co., Inc. small-scale hydropower (170 kW) is now 
in operation utilizing discharge of minimum flow of 
0.55m3/s from the existing dam.
   Similarly, small-scale hydropower would be 
implemented utilizing discharge of minimum flow 
from a dam for flood control. At the Kajikawa dam 
exclusively for flood-control in Niigata Prefecture, a 
hydropower plant with a maximum output of 1,100 
kW is in operation.
(v) Revival of Shut-Down Hydropower Plants 
   Efforts are being made to reuse and revive 
hydropower plants that have been closed for various 
reasons, resulting in abandoned facilities or part of 
the waterway being used for water supplies. On the 
Kano River in Izu City, Shizuoka Prefecture, Ochiairo 
hydropower plant went back into operation in 2006 
after an 11-year hiatus. Following the revival of the 
hydropower plant, the area surrounding the intake 
weir, which had been a mess due to driftwood and 
sediment deposition, has been cleaned up, a fishway is 
functioning again, sweetfish swim upstream, and its 
revival has been received well locally. The hydropower 
plant has a output of 100 kW, with water flow of 3m3/
s and effective head of 4.8 m, and its annual electricity 
production is approximately 765 MWh.[31]
(vi) Low-Cost Hydropower Using General-Purpose 
Goods
   Although there are many small-scale hydro sites in 
Japan, as they are very small in scale, it is essential to 
reduce the construction cost. Therefore, attempts are 
being made to build a hydropower system as simply 
as possible by changing the quality requirements in 
accordance with the specific circumstances of each 
site, such as using general-purpose polyethylene 
pipes and hard polyvinyl chloride pipes, which are 
inexpensive and easy to apply, for the penstock, and 
using general-purpose personal computers for control 
 
 砂防堰堤を取水施設として、その落差を利用した水力発電が試みられている。土砂を貯留
することが第一義の目的であるため、浸透式取水となる例が多い。群馬県桐生市の利平茶
屋水力発電所は落差が約70m、0.046m3/sの水量で出力は22kWである。年間約110,000kWh
の発電量があり、その内約10,000kWhを市の公園施設で自家消費し、余剰電力は電力会社
に売電している。一般家庭の年間消費電力量を4,700kWh/年32）とすると、約23戸分の発電量
に相当する。 
 
 
2） 河川内の取水堰の落差を利用した水力発電 
 
 京都市景観保全会は、観光地である嵐山の渡月橋直上流で、桂川を横断する取水堰の約
2mの落差を利用して水力発電施設を設置した（図表15）33）。一級河川区域内に発電施設を
設置した初めてのケースで、出水時に河川の通水能力に支障が生じないように形状や構造
面での工夫が行われている。発電した電気は渡月橋の夜間の照明に使用され、余剰電力は
電力会社に売電されている。この事業は、河川管理者・土地改良区・電力会社など様々な関
係者の協力によって実現した。 
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に売電している。一般家庭の年間消費電力量を4,7 0kWh/年32）とすると、約23戸分の発電量
に相当する。 
 
 
2） 河川内の取水堰の落差を利用した水力発電 
 
 京都市景観保全会は、観光地である嵐山の渡月橋直上流で、桂川を横断する取水堰の約
2mの落差を利用して水力発電施設を設置した（図表15）33）。一級河川区域内に発電施設を
設置した初めてのケースで、出水時に河川の通水能力に支障が生じないように形状や構造
面での工夫が行われている。発電した電気は渡月橋の夜間の照明に使用され、余剰電力は
電力会社に売電されている。この事業は、河川管理者・土地改良区・電力会社など様々な関
係者の協力によって実現した。 
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 砂防堰堤を取水施設として、その落差を利用した水力発電が試みられている。土砂を貯留
することが第一義の目的であるため、浸透式取水となる例が多い。群馬県桐生市の利平茶
屋水力発電所は落差が約70m、0.046m3/sの水量で出力は22kWである。年間約110,000kWh
の発電量があり、その内約10,000kWhを市の公園施設で自家消費し、余剰電力は電力会社
に売電している。一般家庭の年間消費電力量を4,700kWh/年32）とすると、約23戸分の発電量
に相当する。 
 
 
2） 河川内の取水堰の落差を利用した水力発電 
 
 京都市景観保全会は、観光地である嵐山の渡月橋直上流で、桂川を横断する取水堰の約
2mの落差を利用して水力発電施設を設置した（図表15）33）。一級河川区域内に発電施設を
設置した初めてのケースで、出水時に河川の通水能力に支障が生じないように形状や構造
面での工夫が行われている。発電した電気は渡月橋の夜間の照明に使用され、余剰電力は
電力会社に売電されている。この事業は、河川管理者・土地改良区・電力会社など様々な関
係者の協力によって実現した。 
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3） 農業用水路を利用した水力発電 
 
 図表16に農業用水路に連続的に設置できる流水利用型の発電機の設置状況を示す。水路
幅4m、流速2mの水路に直径2.25m、幅2m金属製下掛け水車を用いた実験では、1基あたり約
770Wの発電が可能であった34）。使用した発電機は1基60万円以下であり、設備利用率を
75％とした場合9年弱で償却可能と計算されている。出力は小さいが、安価であり、設置も容
易で、簡易な構造であるため、修理も地域の小規模の鉄工所で可能である。 
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Figure 6 : Power Generation Utilizing Heads of Intake 
Weirs in Rivers
 
4） 河川維持流量の放流設備を用いた水力発電 
 
 水路式発電所においては、取水地点から発電所の放水地点までの河川の減水区間の流況
を改善するために、河川維持流量を流す措置がとられているが、この維持放流を利用した水
力発電所の建設が各所で進められている。中部電力の畑薙第二ダムではダム直下への
0.55m3/sの維持放流水を活用して170kWの発電を行っている。 
 
 また、治水専用ダムにおいても維持放流水を用いた発電が行われており、新潟県の加治川
治水ダムでは最大1,100kWの発電を行っている。 
 
5） 廃止水力発電所の再生 
 
  諸事情により発電所が廃止されて、設備が放置されている地点や水路の一部が用水に使
われている地点において、これを再び利用して水力発電所を復活させる取り組みが行われて
いる。静岡県の伊豆市を流れる狩野川では、2006年に11年間の停止期間を経て落合楼発電
所が再開した。発電所再生後は流木や土砂堆積により荒れていた取水堰周辺も整備され、
再び魚道が機能し、アユが遡上して、地元からも喜ばれている。出力100kW、使用水量
3m3/s、有効落差4.8m、年間発生電力量は約765MWhである31）。 
 
6） 汎用品を用いた低コスト水力発電 
 
 小水力発電可能な地点は全国に多数存在しているが、規模が非常に小さいために、建設
費のコストダウンが不可欠である。このため、水圧管路に、安価で施工性がよい汎用のポリエ
チレン管や硬質塩化ビニル管を採用し、制御用に汎用パソコンを採用するなど、地点の状況
に応じて要求品質を変えて、できるだけ簡易な発電システムにするよう試みられている36）。 
 
7） 上水道を利用した水力発電 
15/22 ページScience&Technology Trends
2010/07/15http://www.nistep.go.jp/achiev/ftx/jpn/stfc/stt108j/1003_03_featurearticles/1003fa02/...
Source: Reference[10]
Figure 7 : Installation of Generator Utilizing Running 
Water in Irrigation channels
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Source: Reference[37]
Figure 8 : Small-Scale Hydropower Generation at Water-Supply Facilities
purposes.[36]
(vii) Hydropower Utilizing Water-supply Facilities 
   Figure 8 shows an example of hydropower 
generation that utilizes surplus water pressure 
that arises when tap water is delivered from water 
treatment plants to water-supply facilities. The Tokyo 
Metropolitan Government’s Bureau of Waterworks 
installed hydropower facilities of 95kW and 90kW at 
the Minamisenju and Kameido water-supply facilities, 
respectively, by applying the method described in 
Figure 8.[37]
(viii) Hydropower in Buildings 
   Untapped water head also exists in water-thermal-
storage type air-conditioning systems in buildings. 
In this systems, cooling water is pumped from the 
thermal storage tank on the basement floor and returns 
to the basement after cooling the air-conditioning 
equipment installed on each floor. Attempts have 
been made to generate electricity by utilizing the flow 
volume and head of the cooling water as it returns 
to the basement thermal storage tank. Products that 
package a generator-integrated turbine and a control 
panel are being sold depending on the flow volume 
and head. The Miyakonojo city government has 
installed a generator to the circulation system for air-
conditioning cooling water, and produce electricity 
of approximately 2.2kW when the air-conditioning 
system is in operation.[38]
(2) Small-Scale Hydropower Technology in 
Overseas 
   Extensive technological developments aimed 
at expanding the use of hydropower, such as fish 
protection, utilization of very low heads, and computer 
support systems for hydropower development, are 
under way with support from governments and 
cooperation from universities and other research 
organizations.
(i) Development of Very-Low-Head, Slow-Speed, 
and Fish-Friendly Turbine
   In Europe and North America, death or injury of 
fish as they pass through hydropower turbines has 
become a problem. In recent years, the population 
of European eels has decreased considerably, and a 
proposal has been made to temporarily suspend the 
operation of hydropower plants during the migration 
of the eels. A very low head turbine (VLH) that deals 
with this problem has been developed by a private 
French company by receiving subsidies from the 
French Ministry of National Education, Advanced 
Instruction, and Research, the French Agency for 
Environment and Energy Management, and Natural 
Resources Canada. The VLH is designed to prevent 
contact with fish by extending the turbine diameter 
and rotating wheel to rotate the wheel at low speed, 
and by applying numerical fluid analysis to adjust the 
shape of the blades and the clearance to the outer shell. 
Test results showed a survival rate of 97% for smolts 
(young salmon) and approximately 92–93% for eels. 
The first VLH for commercial operation was installed 
in March 2007, generating a power output of 438 kW 
with a revolution of 34rpm, a head of 2.5m and a flow 
rate of 22.5m3/s.[39]
(ii) Development of New Flutter Wheel Utilizing 
Very-Low–Head with High-Efficiency
   A British university developed a new flutter wheel 
 
 浄水場から給水所へ水道水を引き入れるときの余剰水圧を利用した水力発電の例を図表
17に示す。東京都水道局では、図表17に示す方式で、南千住給水所と亀戸給水所にそれぞ
れ95kWと90kWの発電設備を設置した37）。 
 
8） ビル内の水力発電 
 
 ビルの水蓄熱式空調設備においても未利用の水力エネルギーが存在する。水蓄熱式空調
設備の場合、冷却水は建物の地下にある蓄熱槽からポンプでくみ上げられ、各階に設置され
た空調機を冷却後、再び地下に戻る。この地下蓄熱槽に戻る際の流量と落差を利用して発電
が試みられている。このような配管に設置する発電機一体型水車と制御盤をパッケージ化し
た製品が流量と落差に応じて販売されている。都城市役所では空調冷却水循環系統に発電
機を取り付けて空調システム運転時に約2.2kWの発電を行っている38）。 
 
（2） 海外の小水力技術事例 
 
 水力発電の利用拡大を目指して、魚類の保護や超低落差利用、水力開発のためのコンピュ
ータ支援システムなどの技術開発が各国政府の支援や大学などの研究機関の協力の下で
行われている。 
 
1） 魚を傷つけない超低速回転水車の開発 
 
 欧州や北米では、水力発電用タービン通過時の魚類の死傷が問題視される場合がある。
近年、ヨーロッパウナギの生息数の減少が著しく、ウナギの回遊時に水力発電の一時的な運
転停止が提案される状況にまでなっている。このような事象に対応する超低落差タービン
（VLH）が、フランス研究・教育省、環境エネルギー管理庁およびカナダ天然資源局の補助金
を受けて、フランスの民間会社で開発された。水車直径を大きくし、低速回転とするとともに、
数値流体解析により羽根の形状、外殻との隙間を調整し、機器の魚類への接触を防ぐ配慮
を行っている。試験では、スモルト（鮭の幼魚）については97％の生存率が、ウナギについて
は約92～93％の生存率が確認された。最初の商業運転用機が2007年3月に設置され、回転
数34rpm、落差2.5m、流量22.5m3/sの下で出力438kWを達成している39）。 
 
2） 超低落差用高効率水圧利用水車の開発 
 
 流水のエネルギーではなく、水車の羽根を水路床まで伸ばすことで上下流に水位差を発生
させ、水圧を利用する超低落差用高効率水圧利用水車が、英国の大学で開発された（図表
18）。羽根をねじる形状にすることで、羽根が水に入る際と出る際の損失を少なくし効率の向
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utilizing very low heads with high-efficiency which, 
instead of using the energy of flowing water, utilizes 
the hydraulic pressure arising from a difference in 
the upstream-downstream water level, achieved by 
extending the blade of the wheel to the waterway 
bed (Figure 9). By twisting the blades, the energy-
loss when the blade enters and leaves the water is 
reduced and efficiency is improved. In a model test, 
an efficiency of 80% or more has been attained with a 
flow rate of 3.6m3/s/m width and a head of 2m.[39]
(iii) Hydropower Units integrated with Steel Gate
   An axial flow hydro turbine-generator, which is 
integrated into the gates of existing dams, has been 
developed in Austria. The generator has advantages 
such as requiring little engineering work as it utilizes 
existing structures, and not needing new space for the 
installation of power generation facilities. A single 
unit has a total power output of 200kW with a head of 
1.0m to 10.3m and a runner diameter of 910mm. By 
installing 25units, an overall power output of 5,000 
kW has been achieved.[40]
(iv) Development of Computer Software to assist 
Planning of Hydropower Development
   A tool that uses geographic information systems 
(GIS) to search and assess hydropower sites in U.S. 
rivers is being developed by the Idaho National 
Engineering and Environmental Laboratory. This tool 
can show approximately 500,000 hydropower sites and 
130,000 hydropower sites feasible for development. 
It can also show road networks, power grids and 
land use patterns in order to conduct preliminary 
assessments for development. In Canada, a system 
that can calculate the quantity and cost of construction 
work is being developed with assistance from Natural 
Resources Canada.[41]
3-2 Continuous Utilization and Improvement of Existing 
Hydropower Plants
3-2-1 Efforts toward the Continuous Utilization of 
Existing Facilities
(1) Operation, Maintenance and Improvement of 
Aged Facilities 
   Since the 1890s, Japan’s hydropower generation has 
continued to produce purely domestic, clean energy 
for a long period of time. As of 2009, around half of 
the hydropower plants have been in operation for 60 
years or longer. In general, turbines and generators can 
be used for 50 to 60 years if appropriately maintained, 
and civil engineering structures for 100 years or 
more. Until now, hydropower plants built at various 
times have been operated, maintained and managed, 
under close cooperation between engineers in the 
field and local parties. During this time, operation and 
management systems for river flooding prediction 
and gate operation, as well as inspection, soundness 
assessment and repair technologies for aged facilities 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 : New Flutter Wheel Utilizing Very-Low-Head with High-Efficiency
Source: Reference[39]
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such as dams, waterways, penstock, turbine and 
generators in order to continue to use them safely and 
at a low cost, have been developed and applied on site. 
In the future, in addition to dealing with these aged 
facilities, it is important to deal with the deterioration 
of large-scale hydropower plants built after World War 
II, as well as to pass on the relevant technology and 
develop human resources.
(2) Environmental Measures
   In Japan, weather and terrain conditions change 
rapidly. When there is heavy precipitation due to 
typhoons, fronts and low-pressure systems, the river 
flow at times turns into muddy streams, producing 
a sudden outflow of huge amounts of sediment and 
driftwood in some regions. This washes the riverbed, 
causes floods, and at the same time brings various 
substances to the coastal sea. After the flooding, 
the water often returns promptly to its limpid state. 
However, some of the existing hydropower plants 
have a major impact on these natural changes, leading 
to problems such as sedimentation and water quality 
deterioration in dams and negative impacts on the 
landscape and natural environment in the reduced 
flow sections of conduit type hydropower plants, thus 
requiring environmental measures.
(i) Recovery of Limpid Water in Reduced Flow 
Sections
   In conduit type hydropower plants, since a headrace 
draws river water from the water intake point to the 
discharge channel of the power station downstream, a 
reduced flow section emerges in this part of the river. 
At the time that the power plants were constructed, 
considerations to ensure water volumes necessary to 
preserve the environment in reduced flow sections had 
been inadequate, partly due to the social background 
at the time. However, following the issuance of power 
generation guidelines,[42] measures have been taken to 
release river maintenance flow at the time of renewal 
of the period of water rights in order to improve the 
growth and inhabiting situation of living organisms, 
water quality and landscape; and in recent years, 
limpid water has been recovered at around 80% of 
the target power plants.[43] While many power stations 
release a constant volume of water annually, there 
have been cases where the discharge varied according 
to the season, to match the actual condition of the 
river.
(ii) Fishway Development 
   At intake weirs for power generation, the height 
difference at times interferes with the migration of 
fish upstream and downstream. Therefore, fishway 
research has been conducted for various fish species, 
and fishways have been installed at many weirs.
(iii) Measures against Sedimentation and Water 
Quality Deterioration in Dams
   In large-scale dams that do not have facilities to 
release sediment in watersheds suffering heavy 
sediment runoff, the dam blocks sediment from 
traveling downstream, which leads to massive 
sedimentation in reservoirs, causing deterioration of 
reservoir functions, changes in the river environment 
such as a rise in the riverbed immediately upstream 
of the reservoir and lowering of the riverbed 
downstream, and shortage of river gravel resources. 
It even affects coastal erosion. In addition, the 
phenomenon of making the downstream water murky 
for a long time after flooding and the eutrophication 
of reservoirs have been observed. In response to these 
problems, attempts have begun to release sediment 
downstream from dams during floods.[44]
(iv) Creation of Environment Surrounding 
Hydropower Plants
   When installing hydropower plants, emphasis 
has been placed on preserving the surrounding 
environment and mitigating the impact of power 
plants. In recent years, new environments have 
provided habitats and breeding grounds for fish and 
birds, and the river landscape like a reservoir is used 
for tourism and recreation purposes, and as an open 
community space for the locals. Studies are being 
conducted on methods to evaluate these positive side-
effects.[45]
3-2-2 Enhanced Power Generation Utilization 
through Expanding of Dams and Power Stations
   Chugoku Electric Power Co. expanded the dam and 
power output at Taishaku-River hydropower plant as 
80 years had passed since its completion in 1924, and 
it was necessary to improve the operation of the dam 
reservoir due to complicated flood countermeasures. 
By improving the flood-management capability and 
stability of Taishaku-River dam and by effectively 
utilizing the dam’s untapped head, the original 4,400 
kW facility was redeveloped into two power stations 
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of 11,000 kW and 2,400 kW. As the area surrounding 
Taishaku-River dam is a government-designated area 
of scenic beauty and is located within a special quasi-
national park area, construction work was conducted 
by making minimal alterations to the surrounding 
natural environment, by preserving the scenery and 
use of the dam lake, which has provided tourism 
resources, and by giving due consideration to the 
impact on fauna and flora.[46]
   Expanding that involve a comprehensive re-
evaluation of facilities from functional, safety and 
environmental perspectives around the time of 
their modernization for further effective utilization, 
based on the latest technology and on the experience 
of having used the facility for many years, are an 
opportunity to effectively use aged hydropower-
generation facilities in the future as well as to increase 
the use of renewable energy economically. However, 
as large river maintenance flow discharge and strict 
design flood discharge are required for newly building 
or expanding hydropower facilities, the majority of 
plans involve simple, partial facility replacement; and 
there have been few expanding projects that change 
water use conditions to increase electricity production 
in recent years. 
Toward Further Effective Utilization 
of Hydropower
4-1 Issues Surrounding Hydropower Generation in 
Japan 
   Construction of new hydropower plants was 
previously avoided due to reasons such as their high 
unit cost of power generation compared with thermal 
power generation that uses fossil fuel, the difficulty of 
obtaining the understanding of the local community, 
and the long development period due to adjusting 
water uses. Today, however, hydropower is viewed in 
a new light as a valuable form of renewable energy 
that could help to realize a low-carbon society. In fact, 
ways to effectively utilize hydropower economically 
and in harmony with the river’s natural environment 
and the local community are being considered.
   Regarding hydropower generation, technologies for 
building large pumped-storage power stations, such 
as large dams, underground rock caverns and large-
capacity pump-turbine generators, have developed 
and become sophisticated. However, technologies 
and systems for small-scale hydropower generation 
to utilize various untapped heads economically 
have not been studied sufficiently. Therefore, small-
scale hydropower generation, which is believed to 
be economically inefficient, is not a main target of 
surveys on technically exploitable capability, and its 
potential capacity cannot be determined accurately. 
In order to utilize various untapped heads in the 
future at a low cost, in addition to grasping the 
potential capacity, cost reductions and development of 
environmentally friendly technologies are necessary 
for small-scale  hydropower generation that matches 
the actual situation and considers the maintenance and 
operation of facilities.
   Government-backed systems to promote small-
scale hydropower generation are being developed, 
and new, community-based efforts on hydropower 
generation that utilizes various untapped heads 
have been launched by diverse operating bodies. As 
local parties promote efforts to develop and utilize 
hydropower themselves, it is hoped that hydropower 
generation will spread and public understanding 
of hydropower use will deepen further. However, 
hydropower generation involves various water 
users and governmental agencies, and specialized 
knowledge and a long period of time are required 
to obtain permission for river-water use. In order to 
promote small-scale hydropower generation, a review 
is necessary with regard to the easing of regulations 
and support measures.
   With regard to existing hydropower plants, aging 
facilities have increased, deterioration is accelerating, 
and many facilities are in need of modernization. 
In addition, depending on the type and size of the 
facilities and watershed conditions, new environmental 
measures are needed. Under the conditions, removal 
is being discussed at some dams, and hydroelectric 
development efforts are making little progress as 
large river maintenance flow discharge is required 
when newly building or expanding power plants. 
Furthermore, facilities covered by the RPS Act are 
limited to those with generated power output of 
1MW or less. In the future, to promote hydropower 
generation as a renewable energy source, including 
existing hydropower facilities, it is essential that 
efforts should be made to avoid and minimize negative 
impact arising from hydropower.
4
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4-2 What Is Necessary Specifically for the Further 
Utilization of Hydropower 
4-2-1 Development of Small-scale Hydropower 
Generation Utilizing Various Untapped Heads
(1) Re-evaluation of the Potential Capacity 
of Small-scale Hydropower Generation as a 
Renewable Energy Source
   With regard to constraints due to an organization’s 
area of responsibility and purpose, conventional 
practice, technology levels, regulations and standards, 
extensive discussions should be held on the possibility 
of expanding the use of various untapped heads in 
existing infrastructure facilities such as dams, weirs, 
irrigation channels, water-supply and sewerage 
systems, and existing hydropower-generation 
facilities, as well as in small-scale rivers, without 
being bound by past preconditions and constraints, 
and by returning to the starting point and transcending 
the confines of government or field. In doing so, it is 
necessary to re-evaluate Japan’s technically exploitable 
hydropower capability. In addition, a common 
understanding needs to be established among the 
parties involved, regarding the possibility of further 
utilizing hydropower as a renewable energy source 
and issues that should be resolved from technical, cost, 
environmental and institutional perspectives.
(2) Technological Development to Utilize Various 
Untapped Heads Economically
   In actively utilizing various untapped heads such 
as dams, weirs, channels, existing hydropower 
facilities and small-scale rivers as a new means for 
hydropower generation, it is necessary that they exist 
in harmony with current facilities’ flood-control and 
water utilization functions and with the surrounding 
environment. At present, thanks to the efforts of 
concerned parties, studies are being conducted on 
power generation facilities that are suitable for the 
installation site based on conventional technologies. 
In the future, it will be necessary to systematically 
promote the development of new hydropower 
utilization technologies that match the actual situation 
depending on the type of untapped head, by clearly 
defining the development goals of technological 
issues.
(3) Hydropower Development Led by Local 
Residents
   In order to expand the use of small-scale 
hydropower, which is close to us and an accessible 
renewable energy source, it is important that local 
residents take the initiative to promote development 
that takes advantage of the characteristics of each 
area. It is also important for local residents themselves 
to think about measures to promote comprehensive 
development of hydropower, together with solar 
power and wind power, as renewable energies. 
In promoting community-based hydropower 
development in the future, local governments need 
to consider how to use water resources in various 
ways, not only for hydropower generation but also 
for tourism and other purposes, and, to this end, a 
system that enables flexible hydropower utilization 
needs to be developed. In addition, steps should be 
taken to simplify application procedures and speed 
up processing for small-scale hydropower generation 
with regard to the River Act and the Natural Parks 
Act, as well as to create support systems that enable 
the easy use of nationwide hydrological and terrain 
data for development purposes, and maintenance and 
management support systems of the power plants once 
the project has been completed.
4-2-2 Development of Environmentally Friendly 
Technologies for Sustainable Hydropower 
Generation
   In order to realize sustainable hydropower use as 
a renewable energy source in the future, researchers 
need to show scientifically, based on data, the 
actual state of problems, the cause-and-effect 
relationship and the extent of impact concerning 
harmonization with the natural river environment 
and local community. And, based on their findings, 
the national and local governments need to establish 
rational countermeasures. With regard to the river 
maintenance flow discharge when newly building 
or expanding facilities, it is necessary to establish 
detailed criteria and methodology for consensus 
building that match the actual river conditions and 
facility conditions, in order to balance the further 
use of renewable energies and river environment 
preservation. In terms of measures to release sediment 
from dams, it is difficult for the dam administrator 
alone to resolve the problem. Efforts are required 
by researchers, together with the government and 
by transcending fields of specialization, from 
a comprehensive standpoint covering disaster 
prevention, environment and use of resources, from 
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mountains to rivers to coasts.[44] It is necessary for 
the government, local community and researchers in 
specialized fields to work closely together to address, 
from a comprehensive perspective, questions such 
as “What is sustainable hydropower generation with 
reduced environmental burdens and in harmony with 
the natural environment?,” “What is hydropower that 
is popular with the local community?” and “What 
should hydropower in the new era be?” By resolving 
these issues, Japan can make a major contribution to 
improving existing hydropower-generation facilities 
and new future development projects overseas.
Conclusion
   As expressed in the words “Toyoashihara no Mizuho 
no Kuni” in an ancient Japanese chronicle, describing 
the country’s beautiful and fertile land, Japan has 
enjoyed rich water resources since ancient times and 
water has played a central role in the formation of its 
land, agriculture and ecosystems.
   Japan possesses hydropower-generation facilities that 
were built at various periods, and  it has accumulated 
immense knowledge regarding their compatibility 
with the local community and natural environment 
through their operation and maintenance over many 
years. Based on this knowledge, our modern wisdom 
is being tested as to how best to effectively utilize 
hydropower generation economically and in harmony 
with the environment, and what kind of sustainable 
system we can pass on to the next generation. 
   “How much new renewable energy can be produced 
by developing technologies to effectively utilize, 
community-based hydroelectric energy that exists 
in harmony with the natural environment, water use 
and disaster prevention, and by developing systems 
for promoting hydropower use?” and “What role 
might hydropower generation play in the future 
toward realizing a low-carbon society?”, In order to 
answer these questions, it is necessary to develop new 
technologies and establish a common understanding 
with regard to the use of hydropower as a renewable 
energy source. Furthermore, we need to apply these 
technologies and common understanding should be 
applied to Japan’s measures against global warming, 
diversification of energy sources, and revitalization of 
local communities.
   In order to prevent global warming, the world needs 
to work together to transform itself into a low-carbon 
society, in response to growing electricity demand 
in emerging and developing countries. It is hoped 
that Japan’s environmentally friendly hydropower 
technologies will be applied in Asia, which is rich 
in hydropower resources and where hydropower 
development is expected to increase in the future, and 
that Japan will make an international contribution as a 
developed Asian nation. 
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